Spontaneously broken symmetries of the weak and electromagnetic interactions which are not members of the gauge group correspond to true Goldstone bosons of zero mass; their presence makes it difficult to construct realistic models of this sort. Spontaneously broken elements of U(N) U(N) which are not symmetries of the weak and electromagnetic interactions correspond to pseudo-Goldstone bosons, with mass comparable to that of the intermediate vector bosons and weak couplings at ordinary energies. Quark masses in these theories are typically less than 300 GeV by factors of order u. These theories require the existence of "extra-strong" gauge interactions which are not felt at energies below 300 GeV.
For the purposes of this article, we will not need to commit ourselves to the general picture described above. However, our assumptions are those inspired by this picture: We assume that weak, strong, and electromagnetic interactions are described by a gauge field theory (perhaps an "effective" field theory ) involving fermions and gauge fields but no elementary spin-zero fields or bare fermion masses, and we suppose that the vector-boson and fermion masses arise from a dynamical breakdown of this gauge group. These assumptions are spelled out more precisely in Sec. II. In further support of these assumptions, it should be mentioned that it is the absence of bare fermion masses that makes it natural for a spontaneous dynamical symmetry breakdown to occur.
Any spontaneous symmetry breaking requires the appearance of massless Goldstone ut not G~, and "pseudo"-Goldstone bosons" with mass of order e&&300 GeV, corresponding to broken symmetries of U(N) SU(N) which are neither in Sv nor Gv (see Fig. 1 ). 
where X)"g is the gauge-covariant derivative of the fermion field It is shown in Appendix A that these conditions require Z, to be constructed from just the following ingredients:
(i) The quark fields q.
(ii) Their covariant derivatives (for notation, s ee be low):
The gluon fields are of course invariant under these transformations.
(2) The currents to which the products W""W8"ofGv gauge fields (or their derivatives) couple in Z, take the form g = --F ""F""+2, .
The term Z, is subject to three conditions:
( In order to settle this question, we must examine the "potential" term in the effective Lagrangian. In general, this has the form (6.8):
V(g} =-Z "~(g)e.. (g»», nAB (9.14) where I» is some unknown H invariant of order M"', and e""(g) are the coefficients which give the G~g enerators as linear combinations of the U(2) I3 U(2) generators e "(g) = e(g, )",, e",sR(g) =e(g")",. (2) might be any matrices of the form V(g) = -2e'I (n, gs 'g"n) .
(9. 1'7) This is to be minimized over the whole range of orthogonal matrices g~, g~. The location of such a minimum is quite obvious:
(A) For I &0, gs 'g"n=+n.
(B) For I&0, gs 'gRn=-n. where g, is an arbitrary orthogonal matrix, and g, and g, are orthogonal matrices representing arbitrary independent rotations around the 3 axis. But g, represents a redefinition of the weak gauge couplings by an SU(2) transformation belonging to the gauge group G~, while g, and g, represent a redefinition of the fermion fields by a transformation belonging to that subgroup H of U(2)S U(2} which is not spontaneously broken. Clearly, there is no way that this remaining ambiguity in the g's could ever be resolved, nor is there any reason why we would wish to do so. Thus, we can freely choose any orthogonal g~a nd g"matrices which satisfy the condition for a minimum, Eq. (9.18).
We will now need to consider the two cases separately.
A. 1)0
Here it is convenient to choose g~a nd g"as unit matrices where n is a unit vector pointing in the 3-direction n =(0, 0, 1), and I is some unknown constant of order M"'. For the pseudo-Goldstone bosons the u, " need only be orthogonal to all the others, so the fields are 11' -=(F,2+F"2)-'~(-F"II"+F, II, "), il 1' = i12' = e'(FL'+ F"').
( 9.22) II2=(E 2+F 2) '/2( FII +-F II ). Finally, we must impose invariance under the unbroken strong gauge group H~. According to our assumptions, it is only q that transforms nontrivially under H~, so we must simply add a gluon term in (All). This, together with (A12) and (A14), comprise the three sorts of fully covariant derivatives allowed in the effective Lagrangian 8,.
Also, derivatives of g appear in the G~t ransformation rules for the quantities (A7)-(A9). By using the derivative of Eq. (5.4) to evaluate these g derivatives, we can easily see that in order to cancel them, we must add gauge field terms to (A7} and (A8}, so that those derivatives become G~-covariant quantities":
I» ( 
